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2(1UTI ON AND PROCESS TO PRETREAT COPPER SURFACES DESCRI PTI Oﬁ The i nventi orb&
ncérns a solutibn and a process to retreat copper p surfaces so that a
tlght bond cam be subsequently forned between the pretreated-eopper——
surfaces and plastic substrates. The solution preferably serve retreat
copper-coated inner |ayers of printed circuit boards to Mwﬂmﬂwmmm al | ow
-a tight bond between the inner layers of the printed CI and t he
board's inner |ayers nmade of artificial Tresins, and to pretnesp*
~copper-coated printed circuit boards to create a tight bond between t he
copper coating and plastic resists. In manufacturing ;ﬂumm “lemm&

‘boards, - various steps are carried out in which copper t be
tlghtly bonded to an organi'c substrate. In some cases, thesdreguired
adhesi on of the formed bonds nust be ensured over a Iong perl od. In other
cases, a tight beQ(p ’ d ) phen t he
organi c substrate only remarns or ' . ‘ AeEdf act ure of
the printed circuit board. For exanple, the tlght bond of dry filmresists
(for a strucﬁga};tﬁqgﬁ%uct or lines on printed circuit boards) to the copper
surfaces only as xi st while manufacturing the printed circuit board.
After . the conductor line structures are fornmed, the resists can be

renoved.. Ther ncrease the adhesion is to etch and hence
roughen the copper s\t:\@lnacfg sﬁépﬁ‘?@“faé’rdrﬁ H@Cﬁﬁ%t%ﬁweam@pmtwrfangs so

sol uti ons artbatLasmghtilmid caﬁﬁbéshﬁ fwga er oxi de or
sodwm per %r%ggglt?gﬁlysw esc @ Br%%aL%eﬂ 645, 772.

o] ﬂgasul ate
A pretreat rréﬁ &8¢ apd 8??91"9 SUG§E§ate§oT e ﬁeluaoppeefesahiy sewes thipteteag. cont ai ns
5-am not et r gopper-codtBd HEHdyetd of Bhhtkd%rcuit boards to subsequently allow a

tight bond between the inner layers of the printed circuit board and the board's
3 inner layers made of artificial resins, and to pretreat copper-coated printed

s -. - circuit boards to create a tight bond between the copper coating and plastic
~ . . resists.

o "In manufacturing printed circuit bo_ards. various steps are carried out in which
) copper surfaces must be tightly bonded to an organic substrate. In some cases,
the required adhesion of the formed bands must be ensured over a long period.
. In other cases, a tight bond only has to exist for a short period, @.g. when the
*  organic substrate only remains on the copper surfaces during manufacture of
the printed circuit board. For example, the tight bond of dry film resists (for
4 structuring conductor lines on printed circuit boards) to the copper surfaces only

has to exist while manufacturing the pnnted circuit board. After the conductor
line structures are formed, the resists can be removed.

The easiest way to increase the adhesion is to etch and hence roughen the
copper surfaces bsfore forming the bond. Microetching solutions are used such
as sulfuric acid solutions of hydrogen peroxide or sodium peroxodisulfate.

Ancther procedure is described in US A 3.645,772. A pretreatment solution is
used for the copper surfacas that 8.9. contains 5-aminotetrazole.
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2' Long-termstability is especially necessary when |aminating nultilayer
brint'er circuit boards. O her treatnments for the copper surfaces are
required in this case. Wien manufacturing multilayer boards, several inner
layers are lamnated to insulating artificial resin |layers (so-called
prepregs: epoxide resin filns reinforced with fiberglass nets). The inner

-bonds of the |am nate nust hold throughout the entire life of the printed

circuit board. The copper layers (preferadly the conductor |ine
Jayers nmust be surface. treated. Various

er.
A9\ 98R %'a'éﬁydﬁééoe@ia&wneeessh'r;swpemlﬁrﬁiﬁbtﬂ@ﬁamgy@,l ortgcedur e

procedures h

for pretreaticmguitipe ' ination is to for an’ oxide | ayer
h e ares el ﬁf%ﬁéﬂtgf&ﬁmeWB%' ‘BCRE e KRGLIed ibithisk oii de

on the copper_surfaces. Int process,
process, ver§2§§gressive reaction conditions are used to formthe oxide. A

di sadvantage of this procedure is that the oxide |ayer used for enhancing
adhesion to &Oﬁ artififci al resin layer is not very resistant to acid anc
especially t 91t Msstviactong meatilapet bRt deQB Sy y hepnce attacked in
subsequent pw&ﬁ“%sajtfri El atilng t he t hrough- ol'@;égi.?ﬁfﬁéf%%g?lﬂét?dme
adhesi ve bond 1s el M nate®ShiRyetisarsalad tmpregs eroxide teaim miisacked sites
(pink ring: keinforced wathlfibeygiasdhetsdt+ bl ack oxide | ayer directly
next to hol ﬁ'é[i n ‘gri ?féed c_i%c_:ui t iﬁarﬁkﬁgp#ﬁﬁeoéﬁgﬁww WﬁYBP’dt he
originally bFYERIBIRS entifrelife of e printedcinnit boarn Tinat-dpipet hgetner | ayer

i s recogni zalgrefeabgtha@H % {: wesg e void: A defect (recognizable
in a mcrograph of 'Z,treat ggl&ﬁf)ﬁfg gﬁ‘éctu'ée gf‘ﬁf’%d"r@fﬂ%\{ﬁ”ﬁ musdbed surfacée form
of a' crack bEERESn Varesp percadunas havey beemdevelbpéd ﬂﬁé&@@%% ﬁﬁ:b%rjnnt ed
circuit board resin fromthe attack of acid treatnment so 1 ONS” on the

bl ack oxide |l ayer). The above-cited problemis solved by reducing the oxide
| ayer surfac&h®apanal procedure for pretreating the materiais before lamination is to fon

an oxide layer on the Copper surfaces. in this process, known as the brown o
black oxide process, very aggressive reaction conditions are used to form the
oxide. A disadvantage of this procedure is that the oxide layer used for
enh;ncing adhesion to the artificial resin layar is not very resistant to acid anc
especially to hydrochioric treatment solutions. They 3rg Hence attacked in
subsequent processes for plating the through-holes in the boa-rds. The
adhesive bond is eliminated, and delamination occurs at the attacked sites
(pink ring: An extemally-vigible attack on the black oxide layer directly next to
hole in printed circuit boards with the discoloration of the originally black oxide
layer. The pink copper coating of the inner layer is recognizable as an annular
defect; wedge void: A defect (recognizable in a micrograph of a treated hole) i:
a printed circuit board in the form of a crack between a copper inner layer and

the neighboring printed circuit board resin from the attack of acid treatment
solutions on the black oxide layer).

The. above-cited problem is solved by reducing the oxide layer surface before
lamfnation. The reduced black oxide is more stable than normal black oxide
agamst chemicals used in plating the through-holes. The additional reduction
step costs a graat deal, however. In addition, the chemicals used for reduction
are not very resistant to oxidation from air. so that the useful life of the baths

and storage life of the supplementary chemicals are limited. An attempt to



| & nation. The reduced bl ack oxide is nore stable than normal bl ack oxide
_agai st chemical s' used in plating t he through-holes. The additional
reduction step costs a great deal, however. In addition, the chemcals
used for reduction are not very resistant to oxidation fromair, so that
the useful life of the baths and storage life of the supplenentary
chemcals are limted. An attenpt to 3 elimnate this problemis made in

JP A. 08097559. The reduced copper oxide3 |layers are provided with a
sol ution containing an

_protective | - - ing.themwi th an_aqueous
ami not hi azogg@ﬁa%trhgsggn'%ﬁ%ed‘gﬂﬁW?Fé‘}dFe‘\. E8PPRAT TheHedwaesr coppee origebl ems of
‘expensi ve r eayensiara prodded aith, b dti i - t o gxi dation and the
| ayer's sensjjjivity to acid 'araewr?g?d“(\:’g?rp éerﬁltf/éagllﬂgﬁpﬂ@tvé' ' 3N AR opti on
for pronoting a&eé?rgﬂ'"f@ T amindbiazele andipeamisabéazaniatbleodipoA@ueous or

al cohol i ¢ soiowewar, (He prooRARS Bf SHTN ch rocedure is e.g.
presented i RQV\D 96/ 1908?’ Al." The co%%&egﬁﬁo&w@@&t heytley resistange

sol utior tH3OXAACRIaNe the JayeraGensitiyity tsciaené nBY &5m Tord an
inorganic acid (e.g sulfuric acid), an organic corrog?gbrgplgp{ﬁ%?%%r (e.qg.
benzotrizole), and a wetting agent. The hydrogen peroxi de etches the

t . . s .
copper surf her tmtmmeprdmarr@rm%.oﬁ-p,gft@%%t ‘c“gﬁ??@péégé%%??%w i scl oses

et chi ng sol uy however, serve to etc aPhe
mat er i gl s of %gaﬁtrolpgkc@y@? PUHten BHaR azolpyomppundpSuoix a(eocedusb figle igt aci d

and a nitrodgeesanted a WO 96LIQUOP r 1 o benzoic acid, am no
tetrazol e og, J TR &;g?éﬁg%%%go%?" WHB Setalutigsvent i on

%r{ogguraa? 51 e also in th

i's therefore DaSEH ON t he @m&@mﬁm@hwwgng penexideli A AHnISSd Qb (t he

state of theulurc atid),fanérgBa; - sol.ution. and a  process that

can create a tiﬁ% B:c;ng%}gt mg?ﬁpqoﬁynggﬁ'ggg;ge@'f%@égp'&ﬁg’)p?%ﬁi“@m@rfaces.

The process 29fBhI'#eBOEegRn reroxide\eteheathe, coppar BUVEIREBPr¥8ucd L 1S al so
microrough surfaces.

US A 4,917,758 disclos._es etching solutions that, however, serve to etch coppe
cladding on the materials of the printed circuit board. Hydrogen peroxide

sulfuric acid and 3 nitrogen-containing compound (preferably amino benzaic
acid, amino tetrazole or phenylurea) are also in these solutions.

The present invention is therefore based on the problem of avoiding the
disadvantages of the state of the art and finding a pretreatment solution and a
process that can create a tight bond between the copper surfaces and plastic
.surfaces. The process should be simple, easy to use, and inexpensive. It is als:
impartant that treatment with the solutions produce a material bond that is not
problematic (no pink nng and wedge voids) in the subsequent p.c.b.
manufacturing processes, €.g. plating through-holes in board materials. The

used pretreatment solutions should therefore be suitable for manufacturing
printed circuit boards.

This proble:m is solved by the solution zited in claim 1 and the treatment
process cited in claim 18.

The solution according to the invention is for pretreating copper surfacas to



| rportant that treatment with the solutions produce a material bond that is
. hot ‘problematic (no pink ring and wedge voids) in the subsequent p.c.b.
manuf acturi ng processes, e.g. plating through-holes in board materials. The
used pretreatnent solutions should therefore be suitable for manufacturing
printed circuit boards. This problemis solved by the solution cited in
claiml and the treatnent process cited in claim18. The sol ution
according to the Invention is for pretreading copper surfaces to 4 allow a
~tight bond t%‘ be formgd with plastic substrates, and it contains: a.

Hydr ogen per 3848 tight bapd|te betformned wahglastiecsudstrates! 8AS it d&ﬂ?airas-

ni trogen-cont ai ni g9, T KV&r erocyclic conpound that does not
contain sul fur, sel eniﬁ%&gg%f{teq%{rﬂgﬁé‘m atons in the heterocycle, and d. At

| east one adhesi of+- pr oftbeastorDaiduand f rom t he group of sul finic acid,
selenic acid, telduricy %ng nhetﬁ%gc%cl I c _conpounds that contain at |east
one sul fur, selenium andror Tel MPEEMCRPEAING. venmemitesheterotyciicas wel | as
sul foni um sel enoni um aomdpd@id WaPRb : e _the sul fonium
sel enoni um and tel | uropium.sal ts ar%whgg%pﬁﬁlnas\yﬂg? SSL%Y'HI"W‘%’ M A R 1
/ A X_R3\R A 2 wher £'3M ig theshetgrogysie.Rhd R2 and R3 = al kyl, substituted

al kyl, al kenyl, phenylAt l§aftdniel akiKesion-promoting compound from the group of
sulfinic acid, selenic acid, telluric acid, heterocyclic compounds
that contain at least one sulfur, selenium and/or tellurium atom i
the heterocycle, as well as sulfonium, selenonium and telluroniu
salts, where the sulfonium, selenonium and telluronium saits are
compounds of general formula A:

-

T1

At x
2N A
Ry R,

where A= S, Se or Ts,

R,, R; and R, = alkyl, substituted alkyi, alkenyl, phenyl, substitute
phenyl, benzyi, cycloalky!, substituted Cycloalkyl, where R, 'R, ar
R, are the same or different. and

X- = anion of an inorganic or organic acid or hydroxide

with the proviso that the acid selected for componént b is not

identical with the sulfinic, selenic or telluric acid selected for
component d.

.Adhesion-promoting compounds are to be salected that are sufficiently soluble
in the acldic, preferably sutfuric acid solution.

The process according to the invention is carried out by bringing the copper
surfaces into contact with the solution.



phenyl, benzyl, cycloal kyl, substituted cycloal kyl, where R, R2 ar R are
the sanme or different, and X- = anion of an inorganic or organic acid or
" hydroxide, with the proviso that the acid selected for conponent b is not
identical with the sulfinic, selenic or telluric acid selected for
conponent d. Adhesion-pronoting conpounds are to be selected that are
sufficiently soluble in the acidic, preferably sulfuric acid solution. The
process according to the invention is camried out by bringing the copper
~surfaces intﬂ}éo%?ct with the solution. 5 The problemon which the
invention is BaBEP9M8 afgrhiel therinvantior is buselys shRel 3¢ atfti‘EDIIa;r/'B? tﬁé’g&'% i)on

‘accordi ng clfat e sty JThe cite sr(E)A ion is preferab use
pretreat cop er-coatlzdgﬂ?%%er?;gpa@%% ﬂ#a Eﬁtﬁ?? E‘Fﬁcgm'vt'mbarmmetabml | ow a

ti ght bond t4$eddomsetiest doppeeenateddnhamayers Y BFitedf i inted,circuit
yepr et ?ggttegc%}p?ggrb% t)%‘t '8 PIBM At ed

boards andg ' e | rs, and to

circuit boar ?ﬁgéh&ttélgé f@"’ﬂ%ﬁ?f‘*{?&ﬁdhwﬂ%@m etthelprintee nir¢dieberaper

coati ngs andnd pasticesin RyeRt Snds | pents of the invention are
found in th?h%tUbﬁé@i ns. gr ef e?r edsidaféfa?%? 8%%94 e%PE”?&Wé@PGﬁ%ﬁdérﬁﬁti ng
conmpounds of 'EHEIUHON R bE formedrpataeantie Eoppeg comtifgRand Rasftd R =
hydr ogen, alrésists. substituted al kyl, phenyl, substituted phenyl or R -(CO)-
with R = hydrogen, alkyl, substituted

Prefarred embodiments of the invention are found in the subclaims.

Preferred sulfinic acids are adhesion-promoting compounds of chemical
formula B:

SOzH

R1 th’-& B
R3 . '

with R,, R, and R, = hydrogen, alkyl, substituted alkyl, phenyl,
substituted pheny! or R,-(CO)- with R, = hydrogen, alkyl, substituted

alkyl, pheny! or substituted phenyl, where R, Ry and R, can be the sam:
or different, |

and aromatic suffinic acids.

It is preferable for the solution to contain formamidine sulfinic acid as the
adhesion-pramoting compound. Preferable aromatic sulfinic acids are benzene
sulfinic acid, toluene sulfinic acids, chbrobenzene suffinic acids, nitrobenzene
sulfinic acids and carboxybenzene sulfinic acids. |

Other preferable adhesion-promoting heterncyclic compounds are thiophene
thiazole, isothiazole, thiadiazole and thiatriazole.

Suitable thiophenes are compaounds of chemical formulg C:



alkyl, phenyl or substituted phenyl, where F;4, R and Re can be the sane
or di'fferent, and aromatic sulfinic acids. It is preferable for the
solution to contain formamidine sulfinic acid as the adhesion-pronoting
conpound. Preferable aromatic sutfinic acids are benzene sulfinic acid,

t ol uene sulfinic acids, chlorobenzene sulfinic acids, nitrobenzene

sul finic acids and carboxybenzene sulfinic acids. O her preferable
adhesi on- pronoti ng heterocyclic conpound§ are thiophene, thiazole,

_isothiazole, thiadiazole and thiatriazole. Suitable thiophenes are
conpounds of chem cal fornula C RRo ® e RI1 with Re, RO, RIO Rll1l =

‘hydrogen; al kyl, substituted al kyl, | , substituted phenyl; hal ogen

am no, al kyl am no, dial kyl am no, al koxy, carboxy, carboxyal kyl,

al koxycar bonyl , am nocarbonyl, R12- ith R 2 = hydrogen, alkyl,
substituted al kyl, phenyl or subgtitwe pn&yyl, where Re, R9, R10 and R11
can be the same or different and can $e a part of honp or heterocyclic

. rings condensed onto the thiophene ring. Particularly preferred thiophenes
are aninothiopheaﬂhq@rgpx lig acjds, their esters and am des. For exanpl e,

3- ami not hi ophene- 2- c& 6X§I°i naePTReeny kYl csubstituted alkgi, advant ageousl| y

used. Suitabl e thi azopeenylisabsuRR EHEhyR RSN, Sind YT
dialkylamino, hydroxy, alkoxy, carboxy, darboxyalkyl,
alkoxycarbonyl, aminocarbonyl, R,,-CONH- with
R,, = hydrogen, alkyl, substituted alkyl, pheny! or substituted
phenyl, where R,, R,, Rys and R,, can be the same or different

and can be a part of homo or heterocyclic rings condensed onto
the thiophene ring.

Particularly preferred thiophenes are aminothiophene carboxylic acids, their

esters and amides. For example, 3-aminothiophene-2-mrboxyﬁc acid methyl
ester can be advantageously used.

Suitable thiazoles are compounds of chemical formula D:

R1s
N

e N, i

13 15

s .

with R,,, R,,. R,s = hydrogen, alkyl, substituted alkyl, phenyl, substituted
phenyl, halogen, amino, alkylamino, dialkylamino, hydroxy, .
: alk?xy. carboxy, carboxyalky!, alkoxycarbony), aminacarbonyl,
R,s-CONH- with R,¢ = hydrogen, alky!, substituted alkyl, pheny! or

Substituted pheny!, where R, ,, R, and R,, can be the same or

different and can be a part of hemo or heterocyclic rng
condensed onto tha thiazole ring. |

Particularly suitable thiazoles are aminothiazole and substituted aminothiazole



R4 ND RI3 RI5 S wth R13, R14, R16 = hydrogen, alkyl, substituted
_al kyl', phenyl, substituted phenyl, hal ogen, amino, alkylam no,

di al kyl am no, hydroxy, al koxy, carboxy, carboxyal kyl, al koxycarbonyl ,
am nocar bonyl, R16-CONH- with R16 = hydrogen, alkyl, substituted al kyl,
phenyl or substituted phenyl, where R13, R14 and R16 can be the sane or
different and can be a part of hono or heterocyclic ring condensed onto
the thiazole ring. Particularly suitable?thiazoles are am nothi azol e and
_ Substituted ' | lLle. .7  Qther preferred thiadiazole

s, o e R Bt e i he oy
preferred sul foniumsalts used as szﬂ]dgg‘? or%'?‘%?gr?mmﬂ@'ad&ﬂ?ﬂﬁ&mds are salts
of trinmethylsulfonium triphenyl sulfonium nethionine alkylsulfonium and

met hi oni ne lreadditien| fhenbrdfarred. i n-contai ning, five-nmenber
het er ocycl i ¢ corrpoundant’ hatrrec?oaﬁgwl}réggﬁﬁf‘ﬁaﬁﬁ aghesign-pre@pimg um or

tel luri um atBMPoYNERArPsaits ottyimeihyiatﬁlfd?ﬁumﬁﬁi%%glégﬁorﬁunrq 91%#@5 clic

condensed r angIssieh xanpl e, the conpou can ton "8n
anel | at ed beggene, ﬁ’ﬁﬁ?ﬁgﬁ%ﬁ‘é’”@ yiRufonwm. i ng. Wien selecting these

conpounds, nake sure that they are sufficiently soluble in the acid

solution. |fha%i e for. the solution to contain triazoles,
tetrazol es, I ni élt%fééﬂéwfyz%@‘é“%ﬁé%bﬂﬁmcm corinpbandiethiaV 8 in¥es -

contain any sulfur, selenium or tellurium atom in the heterocycle can be
manacyclic and polycyclic condensed rirg systems. For example, the

Ccompounds can contain an anellated benzene, naphthalerie or pyrimidine nng
When selecting these compounds, make sure that thev are suffi

| . ciently solubie
in the acid solution. It is preferable for

sol the solution to contain triazoles.
tetrazoles, imidazoles, pyrazoles and purines or their dervatives.

In particular, the solution contains triazoles of chemical formula E1:

/ E1
N\\N/NH

~

With R, Rys= hydrogen, alkyl, substituted alkyl, amino, phenyl,

substituted phenyl, carboxyalkyl, where R,, and R,, can be the

s..ame or different and can be 3 part of the homo or heteracyclic
fing condensed onto the triazole ring.

Benzatriazole, methylbenzatriazole, sthylbenzotriazole and
dimethylbenzotriazofe are particularly preferable.

In addition, the salution can contain tetrazoles of chemical formula E2:

Rig

1= =

N§N/NH



In particular, the solution contains triazoles of chemcal fornula ElI:
. RL7 R18 EIE N/NH N with R' R g= hydrogen, alkyl, substituted al kyl,

am no, phenyl, substituted phenyl, carboxyal kyl, where R' and Rl, can be
the sanme or different and can be a part of the honp or heterocyclic ring
condensed onto the triazole ring. Benzotriazole, nethylbenzotriazole,

-et hyl benzotri azol e and di net hyl benzotr i-aafol e are particularly preferable.
In addition, the solution can contain tetrazoles of chem cal formula E2:

.Rig ~ C[ E2 N~ Mth®R  wi Hd@]s%= [ n, al kyl, substituted al kyl,
hal ogenal kyl , ami no, p er'l'i)/_/l,r subg{kwgyggﬁbﬁgrﬁ’*% eg8nalkyd.aarhiowy phenyl,
‘car boxyal kyl , al koxycaf4Rstiltted paemmwmwhoxw&,gg}{a,w,t 0= hrydrogen,
al kyl, substituted aIMbo%&%ﬁyL&orF s%g%;dgi)hen Y ré RRPYI.
tetrazol e conpounds may be 5-ant nore “Sryeriegan. tatkyl, 1ok Btuted
preferred im dazol e catipdupenyhyr bebduenai %gﬁ%ol e. 5-am notetrazole, 5-

tr

phenyl tetrazol e, benzotriazol e, nethyl benzo azol e and et hyl benzotri azol e
are prefer r;d&conpounds given their favorable solubility in the
pr et r eat mentFreMNad tetrazelecdcdigddnddVAkl 8RisLl by~ Lref erred _conbinations are
benzotri azo',@pré?‘é‘&@a”- benzotriazol e, o ﬁglabéerh%otetrazoe and 5-phenyltetrazoie.
imidazole compound may be benzimicazole. 5-aminotetrazole 5-
phenyltetrazole, benzotriazole, methylbenzotriazole and ethylbenzotriazole are

preferred compounds given their favorable solubility in the pretreatment solution
and their availability, '

Preferred combinations are'benzotriazolé, methylbenzotriazole, ethylben-
Zotriazole, 5-aminotetrazole agd 5-phenyitetrazole as the nitrogen-containing
heterocyclic compounds with aminothiophene Qrboxylic acids, their esters and

amides, aminothiazoles and substituted 'aminothiazol'es as the heterocyclic
compounds. ' ' o

The pfocess according to the invention is an extremely easy way to pretreat
Copper surfacss to allow them to tightly bond with plastics. Basically one step is
.neces-sary', i.e., treating the copper surface with the solution according to the
invention to allow them to bond with organic substrates. The adhesion does not
.decrease even after a long time. If the adhesion-promoting combounds are not
in the soiution, such bond strength cannot be attained. In addition, the long-
'term s.tability of the bond after treating the copper with solution without the
invention's adhesion-promoting compounds is substantially lower than when
solution is used with the adhesion-promoting compaund.

In.addition. the problems that arise in conjunction with plating through-holes in
pnn-ted circuit boards (i.e., the formation of pink ring and wedge voids) are
avondetd by using these additional compounds in the treatment solution. The
adhesncn-promoting layers created using the solution according to the invention
ha‘ve an excellent acid resistance, whereas black oxide and reduced black
oxide layers are somewhat sensitive to hydrochloric acid solutions. It has even



zotriazol e, 5-am notetrazole and 5-phenyltetrazole as the

. hitrogen-containing, heterocyclic conpounds with am nothi ophene carboxylic
acids, their esters and am des, am nothiazol es and substituted

am not hi azol es as the heterocyclic conpounds. The process according to the

I nvention is an extrenely easy way to pretreat copper surfaces to allow

themto tightly bond with plastics. Basically one step is necessary, i.e.,

treating the copper surface with the sol &%ion according to the invention

~to all ow t hesadnosHuH N, il QL gani ¢ substrates. The adhesi on does not
decrease even after atq\gct)?ﬁg;e g?ﬁ%s.'o'l‘ P?Eweadmmmc pubstrite s gas @ENOWAsRGAr €

‘not in the '@Gﬁﬁaﬁncnasesmﬂarbmedccﬁpl’e? e attaiped, In addition,
the |ong- t%er,ﬁﬁs{rgge 4 ts?{P of the bond@g'?%er %rg%ﬁ?ﬁ%wt"heé'@&ﬁﬁp@?xd\mﬂﬁh

sol ution w tho €% YIRL M Piukiomagrstiog-tpiteTiivengors aRBBERSIE the bang

subst anti al 'y cteated. It 3aireiddigs) ty s, used with the adhesion-pronoting
conpound. I n addition, a'?re]e prgtgiég%g Hlyﬁgféhzwcs%c'?#oéé?fﬁunct lon with plating

t hrough-holes in printed circuit boards (i.e., the formation of pink ring

and wedge vJhdsjdvahtagedy,Q! sing. t hese additional conpounds in the
treatment sol ution. 'ﬂ1e aégﬁggs?%trq-% gﬂﬁ"i ng |l ayers created using the

sol uti on ac@GFRiAKY todhetimventicewamsurphising sieetine &ldsSaY '&&)&é@ﬁ% st ance,

: ) S
wher eas bl agkngt g uc bl gck = oxide |ayers are S tive
to hydrochl ori c)ﬁggl&% S0 h?ﬂé‘l’é?"? Pgh%t%"‘é‘@é‘?rngﬂng)wmpsbwmaw@éedith@dheSi on

of copper t Bealimentisolicns Witdrebo®adbilar . r%h in certajn cases when the
copper surf geRs d with dilut edégziﬁ'?y a g’r:le u%eecfg e FPRRRTed usi ng

eat
t he soi ution accor%?a:?r et‘i???rhénﬁﬁ%ﬁﬁitﬂﬂ asothafepeodieedbond is created. It
is preferable to use hydrochloric acids for this. The advant ageous effect
of the sol u{rhggoélﬁgord&n to the invention was surprising since the desired
| ong-t er m adhest f'Surfaces should first be cleaned to ensure that the pretreatment is

effective. Any conventional_cle__aning solution can be used. Normally, wetting

agents and sometimes complexer (such as tnethanol-amine) -cantaining
aquaeous solutions are used.

After the cleaned copper surfaces ars rinsed, they can te brought into contact
with a so-called Predippping solution that contains one of the five-member
heterocyclic Compounds (component cj dissolved in w.ﬁter, preferably at a
concentration of 0.1 - 10 g/I, and especially 0.5 - 2 9. This treatment helps the
adhesion-promoting layer to be formed in the subsequent treatment step. In
particular, any delays in the formation of the layer are aQOided. The layer starts
forming directly when the surface contacts the solution of the invention.

The surfaces are then treated with the solution according to the invention
without being rinsed befarehand. As the adhesion-promoting layer is formed
the copper surfaces change color from pink to a brown tint depending on the

combination of nitrogen-containing, five-member heterocyclic and adhesion-
promoting compounds.

Tr.me microetching by the hydrogen peroxide in connection with the acid yields
microrough copper surfaces. Since this increases the surface area, the

subsequent adhesion of the copper surfaces to the plastic substrate also



i1$ not produced when just the adhesion-pronoting conpounds are used in the

_ treatnent solution. Wien both sol ution, .components are used, the copper
surfaces change color, and the desired results are produced. The copper

surfaces should first be cleaned to ensure that the pretreatnent is

effective. Any conventional cleaning solution can be used. Normally,

wetting agents and sonetines conpl exer gsuch as triethanol -am ne)

-contai ning aqueous solutions are used.'®fter the cl eaned copper surfaces

~are rinsed, jhERYsed ht. intg contact wth a so-called predi ppping
sol ution that cont am&gﬁ%%?'"tcﬁ@'qu\;@ RS during eeatovenit iccaman iyl

‘(conponent dRhingGapper vaile layaaies alsBr&seeABY Yh t‘“%@"ﬁg?‘%g%% Biir‘%Bro‘?fst'l -

10 g/, and ' 0.5 - 2 g/l. This treatne

adhesi on-pro nf;?ﬁgﬁ.{‘%%of%cﬁ%qud%fmcicnmphendmlhma‘qnﬁflbnttﬁ@aé t step. In

particul ar, sanfacdanaymrobabiyhenkitsgid he | ayer are avoi ded. The |ayer
V\%en t'her@udfﬁggggr(:%ﬁﬁpzféPg'dﬁha‘esréﬁrﬂﬁﬂérn of the

starts form directl

i nventi on. ?HB%&WP%@EQW. 8Ae the adiasioh-pidmotiniecsmpatidd t i@GrGEAHg to the
i nvention \iodtheuicid®i e Jd ehand.. As the adhesion-pronoting |ayer
i s forned, tBe co;l)per guﬂ@?g‘ga%ﬁé%%%&?ﬁd?mtmteihq@n worganioacidt i nt

dependi ng oR"FIRSPEEGHY SHifutioacidf Otfier meristap TR e LEiye- Menber
het erocycl i ¢ and adhesi on- pronoting conpounds. The m croetching by the
hydr ogen peroxide in connection with the acid yields mcrorough copper

surfaces. Si'Rcdabilizehydrogeapesoxides agaihétddio Lt h sequent adhesi on

of the coppgfhél&,mﬁdgg t.gﬁ%gl asta?c 'subst ?{a‘?}t{fﬁ"s%eﬁ#gf%%gggamme

change in dodor of e 20TY BR"eRglsuifenic eeid) and watasasitheysaiveritlii N copper

oxi de | ayer addition $o atrer RysmiesbRd esi,on_is also inproved by

the formatign ggntgngg%%g%'?g?ni cn{gg%o%%??%gt&ft&"hgéw fs'\?es%‘ﬂb%@f
panents, especially the nitrogen-containing, five-member

heterocyclic Compounds and the édheﬁidn;proméﬁng compaunds.

In addition, other inorganic and organic compounds can be in the solutions
e.g., copper suifate and wetting agents.

The treatment is preferably carried out at 20 - 60°C. The treatment time is
preferably 10 - 600 sec. The higher the temperaturs. the faster-acting the
solution. The treatment times can hence even be much shorter. From a
practical standpoint, a preferable aver_aQ_e temperature would be 35 - 45°C to
better control the reaction. Avérage treat:ment'times are 20 - 90 sec. In addition
a top temperature limit may have to be set due to possible incompatibilities |

betwsen certain solution components at high temperatures, a.g.. wetting agents
that have difficutty dissalving at high temperatures.

The preferable concentration ranges in the solution are:

Sulfuric acid, conc. 10 - 250 g/!

Hydrogen peroxide, 30 weight parcent 1-100 ¢/
Five-member, nitrogen-containing

heterocyclic compounds - 05-50g/



surface and probably consists of copper or copper oxide, the nitrogen-
. ctont ai ni ng conmpound, and the adhesi on-pronoting conpound. It is preferable
~for the acid in the solution according to the invention to be an inorganic
acid, and especially sulfuric acid. O her acids can of course be used. To
stabilize hydrogen peroxi de agai nst deconposition, the solution can contain
-ot her conpounds (such as p-phenol sul fonic acid) and water as the solvent in
addition to other organic solvents |like &l cohols, e.g. to increase the
~solubility %hethe cont aj ned conponents, especially the

ni t r ogen- cont ai RGP ofMetgngmeeundset er ocycl i ¢ conpounds and t he

‘adhesi on- pronot i MIWW' ition, other inaorganic and organic
conpounds can be in the so ?Jiapg}r?ljsrqg‘ﬂ‘ _cg.a_qxd copper supf%eﬂbgﬂ wetting
agents. The treaﬁ’i’@ﬁﬁmr‘spfpmiagaiﬂtgroegmrd ed out at 20 - 60C. The treatnent

tinme is preferaebbﬁp},gna 600 sec. The higher the tenperature, the
faster-acting the solufion. The treatnent tinmes caf.O%er@®ghven be much

shorter. From a SpHasiuialelerionqghoi nt, a preferable average tenperature
tter control the reaction. Average treatnent timnes

woul d be 35 - 45;”% &tj{e

are 20 - 90 sec. “THOARNYPHYHM saitst op t enperature |igigh ."ayqhave to be set
~due to possible inconpatibilities between certain soluti 0?1 conponents at

hi gh tenperﬁureg, e.g., wetting agents that have difficulty dissolving at
hi gh tenper re MU eopeasfteatians dorcteastet ioith 88my; Qgﬁé ' etnﬁecﬂf luttyi on are:
Sul furic a%ﬂ\itr@@éﬁcoﬂ,&;ﬁi 5%% %/I Hydrogerll_wgeroxi e, 30 werg 81;Se B®nt 1 -
100 g /1 Five-nenber, —ni'tFOgeH ce¥Hicaamenyndsiandoashesion-pmmatimgds 0.5 - 50
g/l 11 AdEBP@NdsR. onpt i ng conpounds:

After they are treated with the solution according to the invention, the copper

surfaces are rinsed, preferably with warmm, deionized water. Then they are
dried, e.g. with hot air. '

(?ptionally, the copper surfaces can also be treated with diluted acid after beiﬁg
nnsed, preferably with 10 weight percent hydrochioric acid or 10 weight percent
SL.Jlfurig acid. Treatment times of 5 — 300 Sec. are useful. After being treated

with acid, the copper surfac_:as- are again rinsed, preferably with deionized water.

To increase the usefui life of the solutions of the invention, it is a good idea to
prepare the ready-for-use treatment solutions right before carrying out the
procedee. For gxample, hydrogen peroxide can be mixed with a suifuric acid
solution of the nitrogen-containing hetérc'cyclic oorhpound and the adhesion-
promoting compaund, or a prepared soluﬁon can be supplemented directly
before use to set the desired concentrations of individual components.

The workpiecas with the Copper surfaces can be treated in conventionél dipping
Systems. In treating the printed circuit boards, it is particularly good to use so-
called continuous systams. The boards are guided along a honzontal transport
path through the system. They are brought into contact with the treatment
solutions by guiding them through a liquid bed between squeezing rollers
located at the beginning and and of the treatment path, and/or bringing them



Sul finic, selenic andfor telluric acid 0.05 - 10 g/l Adhesi on-pronoting
. heterocyclic conmpound 0.05 - 20 g/l Sulfonium sel enoni um and/ or
telluroniumsalts 0.01 - 10 g/I The optimum concentrations for the cited
bat h conponents depend on the type of nitrogen-containing heterocyclic
conpounds and adhesi on-pronoti ng conpounds. After they are treated with
the solution according to the invention, the copper surfaces are rinsed.
preferably with warm deionized water. Thén they are dried, e.g. with hot
air. Option er. surfaces can also be treated with diluted acid
after bei ngqmro?/ %os?tégﬁ \%ﬁﬁ'?' (ERAIeRt liguid osingi witablecrazzies suctiraxcspray of aci d or
10 wei ght peurgsnozzes.fTHd Grimed Gircd: ties of 5 - 300 sec. are
useful - After heing treat eg Wt hcg%?g%ms%ncﬁégq%aﬁ'}oé'eegtaé%‘/%@ﬁ?‘n
rinsed, preferap ﬁvﬁttaﬁ‘yd’é’i‘qn?"zgé%i water. To increase the useful Iife of
the solutions of the invention, it is a good idea to prepare the
ready-for-u treatnent solutions right before carrying out the procedure.
For exanpl e,sﬁWéMg@s %méﬁeewaﬂuheeﬂtbwﬁy\m&in@eﬁﬁﬁrﬁu” c acid solution
of the nitrogen-containing heterocyclic conpound and the adhesi on-
pronoti ng conpound, or a prepared solution can be supplenented directly
bef ore use €Xamplefthe desired concentrations of individual conponents. The
wor kpi eces with the copper surfaces can be treated in conventional dipping
syst ens. Inp;reating the printed circuit boards, it is particularly good to
use so- cal ABBqU®BoUSTolIDNSYSS ih [ i ded al ong a hori zont al
transport path through the sy?'zéglnﬁd %g@&y g%nfr%gﬁgﬂ}% THERP ‘act with the
treatment solutions by guiding themthrough a Iiquid bed between

Sulfuric acid, 96 weight percent - S0 mi
Hydrogen peroxide; 30 weight percent in water 60 mi
Benzotriazole - . - 10g

Formamidine suifinic acid =~ .  05g

Deionized water added to 1 |.

The solution was heated to 40°C, and a Eopper film (pdntéd circuit board
quality, approx. 25 pm thick) was dipped for 60 sec. in the solution. After bsing

treated, the film was rinsed with wam, deionizec water and then dried. The
copper fllm had a brownish_ tint. |

The copper film was then laminated to a prepreg (with fiberglass-web-
reinforced epoxide resin ﬂlm (FR4 resin), type 2125 MT, 0.1 pm thick by

Dielektra, Germany) by pre;ésing the Copper and prepreg films together at
175°C at a pressure of 2.5x10° Pa (25 Bar).

The peel strangth of the copper film on the preprag film was measured. A pesl
strength of 9.9 -~ 10.6 N/cm was found.

Examples 2 - 10:

Example 1 was repeated with a solution that had the following components:
Sulfuric acid, 96 weight percent S50 ml



squeezing rollers 1located at the begi nning and and of the treatnent path,
_and/or bringing them12 into contact with the treatnment |iquid using

sui tabl e nozzl es such as spray or surge nozzles. The panted circuit boards
can be held in a horizontal or vertical position or at any other angle.
The foll ow ng exanpl es serve further to clarify the invention: Exanple 1:
‘An agueous sol ution was created by m xing the foll ow ng conponents:
Sul furic acid, 96 weight percent 50 m rogen peroxi de, 30 wei ght percent

~in water 60 m | azole 1Q g Formam dine sulfinic acid 0.5 g

Dei oni zed wat er aﬁge(gé{'{ogirolx!del'sg Yo PatGeshinwateneat 8@mio 40C, and a copper
film(printed circuit board quality, approx. 25 pmthick) was dipped for
60 sec. it Eng ter being treated, the filmwas rinsed with

ﬁ%&#ti on. é](‘ I

warm dei onfzed GPCORRE™S IRk ty Takile itke heteppsyciié thmphasd #rebrpwnisgh
tint., The aogder ahdlths Wakek; bi o repreg (with

fi ber gl ass-ﬁp\e - rejnforced 'ggf?i{’@‘ghﬁ@tscﬁﬂ“’f*ﬁf‘ﬁi-(%ﬂﬁ% WMefer waspadgerps M,
0.1 pmthic @&?“BP@deWatwese@rtnahy) by pressing the copper and prepreg
films together at 175 C at a pressure of 2.5x 10 Pa (25 Bar). The peel
strength of _the copper filmon the prepreg fil mwas neasured. A peel

strength of T @ §oPPenfilm Ipaterdiinexaopiel2 hEXa RIdRsHint. s c?ﬁ@ém‘hrﬁs 1 vas
repeat ed wi ff@aﬁﬁﬁ'&fah?d]e& E?{o péa atbrr]gw;\?ilnlt_ow ng conponent’s:

The peel strength was measured in sach case as in Example 1. The values
obtained for the peel strength are listed in Table 1.

Example 11;

A copper film was treated as in _Example' 4, however, before being laminated
the copper film was treatgd_for 20 sec. at room temperature with 10 weight
percent hydrochioric acid and then rinsed with deionized water.

A peel strength similar to that of Example 1 was obtained (11.1 - 11,6 N/ecm).

Comparative example:

Exampie 1 was repeated but with a solutidn that did not contain any adhesion-
promoting compounds.

A peel strength of just 3.6 — 4.0 N/cm was obtained.

All disclosed features ang combinations of disclosad features are the subject of

this invention to the extent that they ars not exprassly described as being prior
art.

Table 1:



Sul furic acid, 96 weight percent 50 ml 13 Hydrogen peroxide, 30 w.

_ percent in water 60 ml and the conponents listed in Table 1 (the
het erocyclic conpound free of S, Se and Te, and the adhesi on-pronoting

conpound) . Deionized water was added to the created m xtures up to 1 1.

The copper filjntreated dISh tint. The copper filns
treated in Exa!rrpl es 3-1 e.g 'he peel strength was neasured
a

in each case assin Exanpl [j ined for the peel strength

_are listed in T@ble 1. [Ex % f3{l mwas treated as in Exanple
4; however, bef®re being % r filmwas treated for 20
sec. at room tlemperat urfe WrtF e Pl
rinsed with deidni zed wat pp o Qﬁgtﬁh

nt hydrochloric acid and then
imlar to that of Exanple 1
was obtained (j11.1 - 11,6 a’ﬁatl\y 'exanpl e: Exanple 1 was
repeated but vith a soljut ant icontai n any adhesi on- pronoting
conpounds. A p}eel st req)gt N cm was obt ai ned. All
di scl osed featudrgg gngconb sed features are the subject
= e
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solution to pretreat copper surfaces so that a tight bon
15
GLAIMS
1. A solution to pretreat copper surfaces so that 3 tight tond can be

subsequently formed between the copper surfaces 2nd piastic substrates
cantaining:

a. Hydrogen peroxide,
b. At least one acid, and

c. At least one nitrogen_-containing. ftve-member heterocyclic
compound that does_ not contain sulfur, selenium or tellurium atoms in
the hetsrocycle, characterized in"that the solution additienally contains:

d. At least one adhesuon-promotmg cormpound from the group,
consisting of sulfinic acids, selenic acids, telluric acids, heterocyclic
compounds that contain at Ieast cne sulfur, salenium and/or tellurium
atom in the heterocycle, as well a5 sulfonivm, selenomum and
telluronium salts, where the surfomum selenonium znd telluronium saits
are compounds of general formuia A:

where A = S, Se ar Te

Ry, R;and R, = alkyl substn‘uted alkyl alkenyl, phenyl, substituted
phenyl, benzyl, cycloalkyl, substituted Cycloalky!, where R,, R, and
R, can be the same or different, and

X- = anion of an inorganic or organic acid or hydroxide,

with the proviso that the acid used for companent b is not identical
to the sulfinic, selenic or telluric aclds used for component d.



subsequently forned between the copper surfaces and piésrr3:§gg§§f§?§§;;:;‘
. containing: a. Hydrogen peroxide, b. At least one acid, and c. At Te

one nitrogen-containing, five-nmenber heterocyclic conpound that does not
contain sulfur, seleniumor telluriumatons in the heterocycle,
characterized in that the solution additionally contains: d. At |east one
-adhesi on- pronoting conpound fromthe group, consisting of sulfinic acids,
selenic acids, telluric acids, heterocycﬂgc conpounds that contain at
~least cne supfur, " nd/or tellurium atomin the heterocycle, as

wel | as sul ;ﬁ% ug]; ﬁféﬁ@?{%ag BN to ey oFhasastedzadsin thatit eontamsssuliffrpai um
'sel enoni um § gPmuthergroap $ahsisting 6f iR : general formula A R I1
/A XA R3 ,w@%r@rA g 'S Se or Te - R,,&. aﬁ%gﬁssénglcﬁmq"“g‘]aﬁé’fituted
al kyl , al kenyl”, phe JPP%S bstituted phenyl, benzyl, cycloal kyl,
substituted cydoal ky!, where R, R2 and R, can be the sanme or different,

and X- = anion of an inorganic or organic acid or hydroxide, with the
proviso that the acid used for conponent gpji not identical to the
sulfinic, selenic or telluric aciBsRg for conmponent d. glé 2. The

solution according to claim1, characte iﬁed in that it contains sulfinic
6

with R, R;, and R, = hydrogen, alkyl, substituted alkyl, phenyi,

substituted phenyl, R,-(CC_))__- with R, = hydrogen, alkyl, substituted
alkyl, phenyl or substituted phenyl, where R,. Rs and R, can be
the same or different. . ' |

3. The solution according to one of the preceding claims, characterized in

that it cantains formamidine sulfinic acid as the adhesion-promoting compound.

4. The solution according to one of claims 1 and 2, characterized in that it

contains aromatic sulfinic acids from the group consisting of benzene sulfinic

aCfd,-tquene sulfinic acids, chlorobenzsne sulfinic acids, nitrobenzene sulfinic
acids and carboxybenzene sulfinic acids. -

5. The solution according to one of the preceding claims, characterized in

that it contains at least one adhesion-promo_tlng heterocyclic compound from

the group consisting of thiophenes, thiazoles, isothiazoles, thiadiazoles and
thiatriazoles. |

6. The solution according to claims, characterized in that it contains at |east

one thiophene from the group consisting of compounds of chemical formula €



acids fromthe gr% omatic sulfinic acids and conpounds of
_ chem cal formula B: Rags wth R, R and R = hydrogen, alkyl,
substituted al kyl, phenyl, substituted phenyl, R -(CO- with R7 =
hydr ogen, al kyl, "substituted alkyl, phenyl or substituted phenyl, where
R4, R5 and R6 can be the sanme or different. 3. The solution according to
one of the preceding clains, characterized in that it contains fornmamdine
sul finic acid as the adhesi on-pronoting onpound. 4. The sol ution
~according to one g, gl 3 mg loand 2, characterized in that it contains
aromatic sul finic acits  ronrhe "YGIENcalkyi subsitited Aehzeaysul finic
aci d, toluene sulfini guggd d%, no}hl ol' gbfnzene sul finic acids, nitrobenzene
sulfinic acids and Cﬁr ow 9 pheny!. dajagen; 2ming. @kylegnind@hdiaikglantihen
according to one of thgdmxecsidbsng cahsy [ erlzed in hat 1t
contains at |east one ﬁ’dhesi on-;;)y?ormt |xgsg:?1rgtgg¥%®c%‘%’?ycc@mhd from the
group consisting of tRl'OHHERRY!tRi; 7 ONEs withsRy, I+ riobgen, dutyh.agd,ibgg'gt&s and

thiatriazoles. 6. ThakgRlphbhQy ol 1o clains, characterized in that .
it contains at |east onepthigpﬁgﬁg’%@g&n&?%@ygr@%e&)ngh-s%bﬁ@dcﬁuGelrrpounds

of chenical formula P e pameRy different 4 cari bé afFart fi%he Rbpho L1 hydrogen,
ny|

al kyl, substituted al Katerg | tuted ph , hal ogen, am no,
al kyl am no, di al kyl am no, %%ﬁh%ﬁ”%?’%&gf"%%% heng ingxyal kyl

al koxycar bonyl ,

7. The solution accorcing to one of ciaims. 5 and 6, characterized in that it

contains at least one thiophene from the group consisting of aminothiophene
carboxylic acids, their esters and amides.

8. The soiution according to one of claims 5 - 7. éharadeﬁzed in that at

least one thiazole is selected from the group

consisting of compounds with
chemical formuia D: |

Ry
_ N-—
Ri3 s)\Rts

with Ry, R, Ryg = hydroger., aikyi, substituted alkyl, phenyl, substituted

Phenyl, haiogen, aming, alkylamine, dialkylamino, hydroxy,
alkoxy, carboxy, carboxyalky!, alkaxycarboryt, aminocarbonyl,
R,4-CONH- with R,s = hydrogen, akyl, substituted alkyl, phenyl! or
substituted pheny!, where R.s. Ry, 8nd R 4 can be the same or

different and can be a part of the homo or hetsracyclic ring
condensed cnto the thiazole ring.

The solution according to one of cfaims 5 - g, characterized in that it



ari nocarbonyl, R12-CONH- with R12 = hydrogen, alkyl, substituted alkyl,

_ phenyl or substituted phenyl, where Rs, R9, R 0 and R' can be the sane or
different and can be a part of the honmo or heterocyclic ring condensed

onto the thiophene ring. 7. The solution according to one of clainms 5 and

6, characterized in that it contains at |east one thiophene fromthe group

-consi sting of am nothi ophene carboxylic acids, their esters and am des. 8.

The solution according to one of, clains!® - 7, characterized in that at

_least one thi LS. selected fromthe group consisting of compounds with

chemical f otarﬁqﬁ %h%{‘“k f%z??ﬁf‘g(th'Bzc‘@Ifq!ug“ﬂ@uosomis'lihg [8f amiftithiaz L8 and

hydr ogen, aldupstitsedatinsthR@orlsky! . phenyl, substituted phenyl, hal ogen,

am no, al kyl am no, di al kyl am.no, hydroxy,. al koxy, carboxy, carboxyal kyl,

al koxycar bonyl, ami nocarbonyl, R16-CONH with Rte = hydrogen, alkyl,

substituted ﬁrgy&rh phelnyl or substituted phenyl, where R13, R14 and R =

can be the s'ame odme shléfiar ectording t6 aRekt ciipar’d . §f or, heterocyclic

ring condengehiQLe, %?{e th'h_'agf?lg ri ng. 9%‘@%5 s%‘lcuwg%tggg%%v"dhﬁb&to one of

claims 5 - 8, charactart 2% "'adiazele fiom the grouptcansisting of emmioteiagiakhieazol

from the gr and substifused agimdthdidzgidd azol es and substituted

am not hi azol es,

11.  The solution according to one of _the' preceding claims, characterized in

that it contains at Ieas; one suliforium salt from the group consisting of trime-

thylsulfonium salts, trip'heniylsu'lfbnium s,alts,' methionine alkyl sulfonium saits
and methionine benzy! sulfonium saits.

12.  The solution according to one of the preceding cfairhs, characterized in

that it contains at least one nivogen-coﬁtaining. five-member hetarocyelic
compound from the group consisting of triazoles, tet:éiéles. imidazoles
pyrazoles and purines. o o

13.  The solution accordirg to claim 1'2;_character'i'zed in that it contains at

least one triazole of chemical formuia E1:

Ri7 Ri1g

——

with R,; R,, = hydrogen, alkyl, substituted alkyl, amino, phenyl

substituted pheny!, carboxyaikyl, where R,; and R,q can be the

same or different and can be a part of the homo or heterocyclic
nng condensed onto the triazole ring.

14.  The salution according to one of claims 12 and 13, characterized in that

it contains at least one triazole from the group consisting of benzotriazole. me-



10. . The solution according to one of clains 5 - 9, characterized in that
it contains at |east one thiadiazole fromthe group consisti

am not hi adi azol es and substituted am not hi adi azol es. 11. The sol ution
according to one of the preceding clains, characterized in that it
contains at |east one sulfonium salt fromthe group consisting of trine-
thyl sul foniumsalts, triphenylsul foniumsalts, nethionine alkyl sulfonium
salts and methionine benzyl suffoniumsdBts. 12. The solution according to

~one of the pfl‘@ﬂf‘é# - i characterized in that it contains at |east
one ni trogen-cont g?ﬁf%"%'@@ﬂbmﬁz%?éﬁGt!‘yemltbenzompmuhd fromthe group
consisting of triazoles, tetrazoles, imdazoles, pyrazoles and purines.

13. The solution according to claim 12, characterized in that it contains
Rl17 RIB E1. N /NH N wth

at | east onestri 1 cal . formulg FEt:

R' R18 = hydro en?“g%é'yﬁ?"%ﬁ@%{%@p%{:@plfns&m nd4. gheraglerizedrsthat itt ed

phenyl, car ainNg\at least one t&ru@éwme%ﬂan@&w&ﬁnuﬁ# or different and
' e

can be a part of the hono or heterocyclic ring con d onto the triazole
ring. 14. The solution according to one of clains 12 and 13, characterized
in that it contains at |east one triazole fromthe G oup consisting of

benzotriazole, me 19 thyl benzotriazol e, R]id’ly| benzotri azgze' and
di met hyl benzotri azole. 15. The sol tﬂe/'accordi ng to one clains 12 - 14,

characterized in that it *\
N\N/NH'

with R, = hydrogen, alkyl, substjtuted aikyl, halogenalkyl, amino, phenyl

Substituted phenyl, benzyl, carboxy, carboxyalkyl, alkoxycarbony!,
ammocarbon_yl or R,O-CONH with R, = hydrogen, alkyl!,
Substituted alkyl, pheny! or substituted phenyl.

6. The solution according to one of claims 12 -15, characterized in that it

contains at least one tetrazole from the'g'r'oup consisting of S-aminotetrazole
and S-phenyitetrazole. | |

17.  The solution according to one of the preceding-claims, characterized in
that sulfuric acid is selected to be the acid for component b in the solution.

18. Aprocess to pretreat copper surf_aces to allow a tight band to be
subsequently formed betwsen the capper surfaces and plastic substrates in

which the copper surfaces ars brought into contact with the solution according
toone ofclaims 1 - 17. '

19. A u;e of the solution according to one of claims 1 - 17 to pretreat copper-
coated inner layers of printed circuit boards to create 3 tight bond between the
inner layers of the printed circuit boards and layers of artificial resin



contains at Ie§%é69g§;£§£fﬂzﬁte:m#%h—the chemcal formula E2: R19 E2 / \
N~ /NH Nwth = hydrogen, alkyl, substituted al kyl, hal ogenal kyl,
am no, phenyl, substituted phenyl, benzyl, carboxy, carboxyal kyl,
al koxycar bonyl, am nocarbonyl or R20-CONH with R = hydrogen, alkyl,
substituted al kyl, phenyl or substituted phenyl. 16. The sol ution accordi ng
to0 one of clains.12 15, characterized in-éhat it contains at |east one
tetrazole fromthe group consisting of 52 m notetrazole and

. 5-phenyl t et rggol ion_ according to-one of the preceding
cl ai s, charzg)(zzt e?} ‘zlgézlf %"@%{Q{%ﬁ??‘ijﬂ"ﬁaana C%§'%'@F‘e‘ct thita pretreat beppari d f or

conponent b Goatachianenlayeroaf prirted Birpti0BESHs 't cRSRb | r ces to
allow a tighi ng Q uhsequent |y forr?ed beteveae fﬁ‘gnggﬁ;‘}’z‘?‘gi@ aces
RBAfaybB e ol e

and plastic substr i$%5e copper surfaces are brought into
contact with the solution according to one of clainms 1 - 17. 19. A use of
the solution according to one of clains 1 - 17 to pretreat copper- coated
inner layers of printed circuit boards to create a tight bond between the
Inner |ayers of the printed circuit boards and |l ayers of artificial resin.
20 20. A use of the solution according to one of clains 1 - 17 to pretreat
copper- coated inner layers of printed circuit boards to create a tight
bond between the copper |layers and plastic resists.



